Modulation of cyclin D1 and its signaling components by the phorbol ester TPA and the tyrosine phosphatase inhibitor vanadate.
The mechanism by which 12-O-tetradecanoylphorbol-13-acetate (TPA) triggers cell-cycle progression at G1 phase in mouse embryonic fibroblast C3H 10T1/2 cells was examined. TPA treatment resulted in a temporary induction of cyclin D1 peaking at 9 h post stimulation. PD98059 (10 microM), the specific inhibitor of MAPK kinase, completely blocked TPA-stimulated cyclin D1 induction and DNA synthesis, confirming that MAPK activation plays an essential role in TPA-stimulated cell-cycle progression. Although both PKCalpha and PKCepsilon are expressed in C3H 10T1/2 cells, inhibitor studies suggest that PKCepsilon activation is required for the activation of MEK/MAPK signal transduction cascade. p70s6K, an important kinase involved in the regulation of protein synthesis and cell-cycle progression, has been reported to be activated through a PKC-dependent pathway (TPA-activatable) in addition to a PI3K-dependent pathway. Here, we demonstrate for the first time that TPA-stimulated MAPK activation is essential for the phosphorylation of several key residues involved in the activation of p70s6K, namely, thr389, thr421, and ser424. Vanadate, the tyrosine phosphatase inhibitor, triggered a sustained elevation of the level of active MAPK. However, corresponding to a rapid loss of cyclin D1 protein, vanadate treatment resulted in a significant shut out of 3H-thymidine incorporation into DNA regardless of TPA cotreatment. Vanadate treatment also led to the increase of active MEK, increased phosphorylation of p70s6K at thr389, thr421, and ser424 yet without activation of PKB. These data suggest that vanadate can selectively perturb the activation of signaling components which raises the interesting issue as to how vanadate downregulates the cyclin D1 level.